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Abstract 

LiV204, a frustrated mixed valent metal ^ cP), is argued to undergo two spin- 
screening processes. The first quenclies the effective spin to produce the spin ^ 
behavior seen below room temperature[l] , while the second produces the heavy 
fermi liquid character seen at low temperatures [2]. We present here a preliminary 
discussion of a t-J model with strong Hund's coupling of the strongly correlated 
d-electrons. Valence fluctuations of the Hubbard operators (S = ^ <-> 1) combined 
with the frustration of the underlying corner-shared tetrahedral vanadium lattice 
are the essential components of our model. 
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The central question posed to us by LiV204 is: how can a mixture of S = 
1 and S = I quantum spins show behaviour characteristic of localized S = 
I spins over a wide temperature range before condensing to a heavy fermi 
liquid state? There have been several attempts to answer this. Anisimov et 
al[3] have postulated the existence of two species of electrons and invoked the 
exhaustion phenomenon to explain the low temperature fermi liquid phase. 
Varma[4] proposed that the spin | state arises due to mixed valence but it is 
not immediately clear how this can give rise to a second stage spin quenching 
process. Kusunose et al[5] have considered a two-band Hubbard model in the 
limit of small Hund's coupling. Fulde et al [6] have considered each magnetic 
tetrahedron to be occupied by two S = 1 and two S = | spins, the latter 
forming gapless Heisenberg chains similar to a Luttinger liquid at low tem- 
peratures. And recently, Burdin et al [7] have proposed a single-band Kondo 
lattice model on a frustrated lattice. We present here a provisional description 
of a simple two-band model which we believe captures the essential physics 
behind these two stages (Fig.l). 
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The essence of our model is a high-temperature mixed valent spin- quenching 
which allows a symmetric spin channel to become heavy free electrons. At low 
temperatures, these free electrons strongly couple in an orthogonal channel[8] 
via a Kondo-like term that arises from antiferromagnetic interactions between 
the vanadium atoms-which is not permitted to win energetically due to the 
underlying frustration of the lattice, hence a very heavy fermi liquid of holes 
forms at low temperatures. 

We consider a hole-doped antiferromagnetic insulator on a frustrated lattice 
which we model as a spin 1 t-J model with strong Hund's coupling. The crystal 
fields present in the trigonally distorted cubic environment of the vanadium 
atoms mean that in the real system there are three orbitals of interest. These 
can be classified as of degenerate e^^ = y^(±(^-=^ — ■^) + i{xy + -^)) and 

ttig = \f^{3z'^ — f^"^) symmetries where the z axis has been taken to lie along 
[1,1,1] and the y axis along [1,-1,0]. It is a subtle matter[9,10] which of these 
lies lower in energy, and for simplicity we will restrict our discussion to a hole 
doped band of e > symmetry and lower energy aig in agreement with most of 

the community. [3,5, 11] 

The Hamiltonian corresponding to this picture is: 

<ij> <ij> 

where Xo„ = b'^dia is a Hubbard operator allowing the holes to move, tij ^ 

'^eg' '^■^ ~ ^i)^eg' ("^ ~ "^i) hoppiug ampfitudc, s = ( dla ) -f^ 

is the total spin, and we need to enforce the constraints n^i +nb— 1, = 1, 

(U OO) and S'^ = 2 {J Hund's oo). 

Below Ti (b) 7^ and the holes begin to couple strongly to the lattice, 

freeing spins as they do, until eventually all spins are free to move leaving 
behind S = | at each site. Physically we expect to be left with a quarter- 
filled fermi sea of mobile electrons. Then at high temperatures we expect a 
wavefunction of the form 

\i^>=rll 4l'^n4lo> (2) 

kKkp j 

where V = Ilia -Pfz-^Ga ^ projection operator where Ph = ( ^^f'' + Si(i) • 
S2{i)) projects out singlet states, and Pq^ — (1 — na-[{i)nai{i)) is a Gutzwiller 
projection. 

Using a Hubbard-Stratonovich transformation, we can decouple the quadratic 
terms of the Heisenberg interaction to write a mean field Hamiltonian: 
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+ $:(A</)f '4,^2, + h.c.) + 2^ (3) 

f, 'J Heis 

where Lagrange multipliers Ai, A2 and ^ enforce C/ — > 00 and Jnund's 00 
respectively, = —tklflxp^jl^ and A is an RVB-like gauge field[14] that we fix 
by taking a constrained saddle-point approximation. At high temperatures, 
A = is a stable saddle-point and the transition temperature below which 
the Kondo effect becomes apparent is governed by the condition 



5AaA'«^i«4a>=0 J Heis % 



+ T^-^^ = (4) 



where |^5A + = has been used to express results in terms of un- 
constrained second derivatives and we have written the full free energy as 
^ = F + to exphcitly show that = ^ Since Fe. is in 

general a negative function, overlap functions 0^^^^ for which F^^ ^ expe- 
rience a downward renormalization of their effective Kondo interaction, while 
channels[8] with Y^k '\^]f^ = will remain strongly interacting as Jhcis becomes 
the dominant scale in the problem. That one cannot form two spin singlets 
in the same orbital channel is a consequence of the Pauli exclusion principle. 
Then, a second stage spin-quenching occurs in this anti-symmetric channel 
leaving us with a heavy fermi liquid ground state of holes with wavefunction 

H'>=r n(4l'^ + M?^)|o> (5) 

k<kp 



where P has the symmetry of the second channel. 

We have proposed a toy t-J model of LiV204 which includes a mixed valent 
spin-quenching at high temperatures (~ AOOK experimentally[13]), which pre- 

cedes a low temperature Kondo-like screening with pa t\b\ e -'Heis pa SOX 
leaving a heavy fermi liquid state by T = 4K. That this state is energet- 
ically reahzable at all is due to the frustration of the lattice. (The spin-1 
Mott insulator, ZnV204 undergoes a phase transition at 40ir to an an- 
tiferromagnetic ground state[10].) The symmetry of the overlap functions 

'^^i^ = 76*^^' ^' ^' ^' ^' ^) = Ts^-^' ^' ^' ^' y ' ^) measure- 

able by de Haas-van Alphen experiments, and the sign of the Hall constant 

[2] is consistent. Detailed results will follow in a future paper [16]. 

Since writing we have learned of a recent two band model by Lacroix[15], with 
a superexchange coupling localized electrons and a finite Hund's exchange 
coupling to itinerant electrons. 
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Inverse Susceptibility vs. Temperature 

Two-stage Quenching to Fermi Liquid? 
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FIG. 1. (left) Band theory picture of two-stage spin quenching: Above Ti we have spin-1 and spin-^ spins at each site, mixed 
valent fluctuations free one channel of electrons to form a 'porcupine' Fermi sea (shown as a ^ filled band interacting with a 
localized level), the Heisenberg interaction hybridizes these bands leaving us with a heavy Fermi liquid of holes, (right) vs. 
T is flat in the low temperature Fermi liquid phase, has constant slope consistent with S = ^ from lOK to room temperature, 
and decreasing slope at higher temperatures[12],[l],[2],[13]. 



